INTRODUCTION
============

McCully's report in 1969 \[[@b1-vsi-30-113]\] showed widespread arterial thrombosis and atherosclerosis in the autopsy results of children with homocystinuria in which the plasma homocysteine levels were increased; since then, hyperhomocysteinemia has been shown in many studies to be an independent risk factor of several diseases \[[@b2-vsi-30-113]--[@b5-vsi-30-113]\]. Although severe hyperhomocysteinemia is rare, about 5%-7% of the total population is known to have mild hyperhomocysteinemia \[[@b6-vsi-30-113],[@b7-vsi-30-113]\].

Homocysteine is produced during the metabolism of methionine, which is an essential amino acid, and it is metabolized by one of the two pathways: remethylation or transsulfuration. As 5-methyltetrahydrofolate functions as a methyl donor and vitamin B12 functions as a cofactor in the remethylation process, homocysteine is resynthesized to methionine by methionine synthase. 5-methyltetrahydrofolate is reduced from 5,10-methylenetetrahydrofolate by methylenetetrahydrofolate reductase (MTHFR), and the decreased enzymatic activity that results from the gene mutations is related to the increase in the serum homocysteine concentrations ([Fig. 1](#f1-vsi-30-113){ref-type="fig"}). The MTHFR-expressing gene is located on chromosome 1p36.3, and the gene mutation occurs when cytosine (C) at the 677th position is replaced by thymidine (T). The MTHFR polymorphisms are divided into a homozygous normal genotype (CC), a heterozygous genotype (CT), and a homozygous mutant genotype (TT), and several studies have reported that the TT genotype is associated with a marked increase in plasma homocysteine concentrations \[[@b8-vsi-30-113]--[@b10-vsi-30-113]\].

When the plasma homocysteine concentration increases, oxidative stress increases, leading to inflammation of the vascular cells and thrombosis due to endothelial cell dysfunction \[[@b11-vsi-30-113]\]. However, little is known about the effects of the association between MTHFR gene mutations and hyperhomocysteinemia on thrombosis, and, especially, its role in the prevention and treatment of thrombosis is not yet established. Therefore, in this study, we investigated the clinical significance of the MTHFR gene mutation and serum homocysteine concentrations in patients with arterial and venous thrombosis.

MATERIALS AND METHODS
=====================

1. Patients
-----------

We conducted a retrospective study on 146 patients who were diagnosed with arterial and venous thrombosis in Chosun University Hospital from September 2008 to October 2013. The investigation was based on medical records, and information, including data on hypertension, diabetes, cardiovascular disease, atrial fibrillation, hyperlipidemia, and smoking history, was collected. Patients with atrial fibrillation (n=19), May-Thurner syndrome (n=14), and other coagulation abnormalities (n=2), which can be potential causes of thrombosis, were excluded from this study. The final study had 111 patients, including 48 patients with arterial thrombosis and 63 patients with venous thrombosis. Patients with arterial thrombosis were a heterogeneous group, composed of a pure thrombosis group (n=28) and an atherothrombosis group (n=20). Patients with evidence of atherosclerosis, such as atherosclerotic plaque, calcification and collateral artery development on CT angiogram were classified as atherothrombosis group. Thrombectomy, thrombolysis, percutaneous transluminal angioplasty or vascular bypass were performed according to the case situation. The study protocol was approved by ethics committee of Chosun University Hospital (No. 2014-09-006-001).

2. Measurement of the plasma homocysteine concentrations
--------------------------------------------------------

The plasma homocysteine concentrations of all of the patients were measured in the fasting state by using a fluorescence polarization immunoassay, and the normal range of the plasma homocysteine concentration was 5-15 μmol/L \[[@b12-vsi-30-113]\].

3. MTHFR gene test
------------------

The samples were obtained from whole blood in all of the patients, and the MTHFR polymorphism was classified into a homozygous normal genotype (CC), a heterozygous genotype (CT), or a homozygous mutant genotype (TT) with real-time polymerase chain reactions with an AccuPower MTHFR C677T genotyping kit (Bioneer Co., Daejeon, Korea).

4). Statistical analysis
------------------------

Statistical analysis was performed with IBM SPSS Statistics ver. 21.0 (IBM Co., Armonk, NY, USA). One-way analysis of variance (ANOVA) was performed to compare the average plasma homocysteine concentrations of each group according to the MTHFR polymorphisms, and the plasma homocysteine values of each group were compared by Tukey's post-hoc tests. P-values less than 0.05 were considered statistically significant.

RESULTS
=======

Of the 111 patients, 78 (70.3%) were men, and 33 (29.7%) were women, and the average age was 61.8 years (range, 19-91 years). For genotype, 29 (26.1%) belonged to the CC group, 57 (51.4%) belonged to the CT group, and 25 (22.5%) belonged to the TT group. There were no significant differences in the clinical characteristics, including the sex ratio, age, hypertension, diabetes, cardiovascular diseases, hyperlipidemia, and smoking history, among the groups. Of the 111 patients, 59 (53.2%) had hyperhomocysteinemia; among them, 14 (48.3%), 30 (52.6%), and 15 (60.0%) belonged to the CC, CT, and TT groups, respectively ([Table 1](#t1-vsi-30-113){ref-type="table"}).

The plasma homocysteine values were significantly different among the different genotype groups (ANOVA, P=0.016). The plasma homocysteine values for each genotype group were compared by Tukey's post-hoc tests, and the average homocysteine levels of the CC, CT, and TT groups were 14.6 μmol/L, 17.7 μmol/L, and 21.8 μmol/ L, respectively. While there was a statistically significant difference between the CC and TT groups in the plasma homocysteine values (P=0.012), there was no statistically significant difference between the CC and CT groups or between the CT and TT groups ([Fig. 2](#f2-vsi-30-113){ref-type="fig"}).

After dividing the groups according to their arterial and venous thrombosis lesions, the homocysteine concentrations per genotype were compared. Out of the 48 patients with arterial thrombosis, eight had a lesion in the iliac artery, 22 had a lesion in the femoral artery, 11 had a lesion in the popliteal artery, one had a lesion in the below-knee artery, and three had a lesion in the upper-extremity artery (subclavian and brachial artery). There were 11, 27, and 10 patients in the CC, CT, and TT groups, respectively ([Fig. 3](#f3-vsi-30-113){ref-type="fig"}). The plasma homocysteine values between the genotype groups were compared by a Tukey's post-hoc test, and there were no statistically significant differences ([Fig. 4](#f4-vsi-30-113){ref-type="fig"}). Out of the 63 patients with venous thrombosis, there were 57 patients with deep vein thrombosis, five patients with superior mesenteric vein thrombosis, and one patient with portal vein thrombosis. There were 18, 30, and 15 patients in the CC, CT, and TT groups, respectively ([Fig. 3](#f3-vsi-30-113){ref-type="fig"}). The plasma homocysteine values between the genotype groups were compared by a Tukey's post-hoc test. As was the case for arterial thrombosis, there were no statistically significant differences between the groups ([Fig. 5](#f5-vsi-30-113){ref-type="fig"}).

During the follow-up monitoring period, six patients had a relapse, and all were patients with arterial thrombosis. Three had the CT genotype, and the other three had the TT genotype ([Table 2](#t2-vsi-30-113){ref-type="table"}).

DISCUSSION
==========

Although the mechanisms by which hyperhomocysteinemia causes atherosclerosis and thrombosis are not clear, endothelial dysfunction, damage to endothelial cells, and inflammation in the blood vessels caused by reactive oxygen species, including superoxide, are thought to be responsible for these diseases \[[@b11-vsi-30-113]\]. A number of factors cause hyperhomocysteinemia, including malnutrition, chronic renal failure, hypothyroidism, cancer, drugs, and gene mutations. Deficiencies in vitamin B12, vitamin B6, and folic acid, which are necessary for homocysteine metabolism, can cause hyperhomocysteinemia \[[@b13-vsi-30-113],[@b14-vsi-30-113]\]. In addition, increased levels of creatinine in patients with chronic renal failure can cause increase in the plasma homocysteine concentrations. Although it is not clear whether this mechanism originates from a metabolic disorder or an excretion disorder, it can be speculated that the deterioration of atherosclerosis in patients with chronic renal failure is associated with hyperhomocysteinemia caused by renal insufficiency \[[@b15-vsi-30-113],[@b16-vsi-30-113]\]. Hypothyroidism; pernicious anemia; cancers in the breast, ovary, or pancreas; acute lymphoblastic leukemia; drugs such as methotrexate, phenytoin, or theophylline; or smoking can cause hyperhomocysteinemia \[[@b7-vsi-30-113],[@b17-vsi-30-113]\].

Deficiencies in MTHFR, which is involved in the remethylation step in which methionine is resynthesized into homocysteine, causes severe hyperhomocysteinemia \[[@b18-vsi-30-113]\] and can result in severe clinical outcomes, such as coronary artery disease, deep vein thrombosis, peripheral arterial occlusive disease, and cerebral infarction \[[@b2-vsi-30-113]--[@b5-vsi-30-113]\]. Among the common MTHFR mutations, the thermolabile variant C677T of MTHFR is a point mutation of the 667th C in the MTHFR coding sequence to T, which results in a change in the aminoacid sequence from alanine to valine, leading to a decrease in enzymatic activity \[[@b19-vsi-30-113],[@b20-vsi-30-113]\]. While this gene mutation was found in 5%-15% of the cases abroad \[[@b21-vsi-30-113]\], there have been no large-scale studies on the MTHFR gene mutation frequency in normal subjects or disease-specific patient groups in Korea \[[@b22-vsi-30-113],[@b23-vsi-30-113]\]. In a study on 243 patients with thrombosis in the middle Black Sea area (Tokat) of Turkey, the distribution ratio of the MTHFR gene genotype was CC:CT:TT=40.0%:47.3%:12.7% \[[@b24-vsi-30-113]\]. On the other hand, in a study on 106 people in China, the distribution ratio was CC:CT:TT=63.8%:25.7%:10.5% \[[@b25-vsi-30-113]\] and in our study, the distribution ratio was CC:CT:TT= 26.1%:51.4%:22.5%. As such, the distribution ratio of the MTHFR gene genotype is different for each study and population. According to a few studies besides the one by Jacques et al. \[[@b8-vsi-30-113]\], the homozygous TT genotype among the MTHFR mutations has reportedly caused a marked increase in plasma homocysteine concentrations \[[@b8-vsi-30-113],[@b9-vsi-30-113]\]. In addition, when the homozygous TT genotype is accompanied by a folate deficiency, hyperhomocysteinemia reportedly becomes much more severe \[[@b10-vsi-30-113]\]. In our study, there was a statistically significant difference in the homocysteine concentrations between the TT and CT genotypes, which was consistent with the findings of the study by Jacques et al. \[[@b8-vsi-30-113]\].

There is controversy on whether the MTHFR gene mutation itself causes thrombosis. Even though there is clear evidence that the MTHFR gene mutation can cause hyperhomocysteinemia and hyperhomocysteinemia causes atherosclerosis and thrombosis, the MTHFR gene mutation cannot be said to be a direct cause of thrombosis \[[@b10-vsi-30-113]\]. According to Abbate et al. \[[@b26-vsi-30-113]\], the TT genotype of the MTHFR gene mutation is reportedly not a risk factor of thrombosis or restenosis in patients with coronary artery disease. In addition, according to a study by Bezemer et al. \[[@b27-vsi-30-113]\] on 4,375 patients with deep vein thrombosis and pulmonary thromboembolism and 4,856 normal controls, the MTHFR gene mutation was not a risk factor for venous thrombosis. Although the MTHFR gene mutation has not been proven to have a direct association with the risk for arterial and venous thrombosis, we speculate that it plays an important indirect role by influencing the plasma homocysteine concentrations. According to Morita et al. \[[@b28-vsi-30-113]\], hyperhomocysteinemia in patients with ischemic heart disease is related to prognosis and is a risk factor for restenosis after percutaneous transluminal coronary angioplasty. Botto et al. \[[@b29-vsi-30-113]\] have claimed that the TT genotype of the MTHFR gene mutation is a risk factor that is related to prognosis after coronary revascularization. Furthermore, Kibbe et al. \[[@b30-vsi-30-113]\] have reported that the TT genotype of the MTHFR gene mutation is a risk factor for low-graft patency rates and graft thrombosis after peripheral bypass surgery in patients with peripheral arterial occlusive disease. Based on the results of these studies, although the MTHFR gene mutation is not a direct risk factor for atherosclerosis and thrombosis, it does have clinical significance with respect to prognosis. In this study, six out of 116 patients had a relapse, three of whom had the CT genotype while the other three had the TT genotype of the MTHFR mutation. All of them were accompanied by hyperhomocysteinemia, and the average homocysteine concentration was 22.7 μmol/L and 31.3 μmol/L for the CT and TT genotypes, respectively. Because there were no statistically significant differences in the results of this study, the conclusion that the TT genotype is a risk relapse factor could not be drawn. To obtain more reliable results, a large-scale study and a prospective study are necessary in the future.

The limitations of this study were that it was not a control group study or a prospective study, and it did not consider nutritional factors such as vitamin B6 and vitamin B12.

CONCLUSION
==========

Although the TT genotype in the MTHFR gene mutation was more closely associated with hyperhomocysteinemia compared to the other genotypes, it was not shown to be a prognostic factor for disease factors, such as relapse. However, we suspect that the TT genotype indirectly influences atherosclerosis and thrombosis based on its relationship with hyperhomocysteinemia and that it is associated with prognosis. To prove this, more efforts are required in the future in large-scale studies and prospective studies, and the clinical usefulness of the MTHFR gene test should be supported in order to recommend the follow-up observation of patients with the TT genotype and active treatment of hyperhomocysteinemia.
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###### 

Demographic and clinical characteristics

  Characteristic            Total (n=111)       CC (n=29, 26.1%)   CT (n=57, 51.4%)    TT (n=25, 22.5%)    P-value
  ------------------------- ------------------- ------------------ ------------------- ------------------- ---------
  Male/female               78/33 (70.3/29.7)   24/5 (82.8/17.2)   40/17 (70.2/29.8)   14/11 (56.0/44.0)   0.1
  Age (y)                   61.85 (19-91)       58.3               61.4                66.9                0.162
  Hypertension              39 (35.1)           10 (34.5)          19 (33.3)           10 (40.0)           0.841
  Diabetes                  31 (27.9)           4 (13.8)           19 (33.3)           8 (32.0)            0.141
  Coronary artery disease   4 (3.6)             1 (3.4)            2 (3.5)             1 (4.0)             0.993
  Hyperlipidemia            5 (4.5)             2 (6.9)            2 (3.5)             1 (4.0)             0.749
  Smoking                   16 (14.4)           3 (10.3)           9 (15.8)            4 (16.0)            0.654
  Hyperhomocysteinemia      59 (53.2)           14 (48.3)          30 (52.6)           15 (60.0)           0.686

Values are presented as number (%) or age (range).

###### 

Clinical characteristics of recurrence

  Patient   Lesion   MTHFR   Homocysteine
  --------- -------- ------- --------------
  1         Artery   TT      High (35.56)
  2         Artery   CT      High (27.71)
  3         Artery   TT      High (31.90)
  4         Artery   CT      High (16.74)
  5         Artery   TT      High (26.54)
  6         Artery   CT      High (23.68)

MTHFR, methylenetetrahydrofolate reductase.
